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(54) Rngerprint detecting device 



(57) A fingerprint detecting device includes a flat 
transparent body, a light source, a thin surface film layer, 
a fluid layer, and an image detection unit The transpar- 
ent body on which a skin surface of a finger is pressed 
has a surface constituted by a scattering surface with a 
fine three-dimensional unevenness. The light source 
irradiates incident light from an inside of the transparent 
body on the skin surface pressed against the surface of 
the transparent body. The surface film layer is formed on 
the surface of the transparent body via a small gap, on 
which a three-dimensional pattern of the skin surface is 
transferred by pressing the finger. The fluid layer is 
famed by sealing one of a gas and a liquid in the gap 
between the surface of the transparent body and the 
surface film layer, and is pressed by the surface film 
layer on which the three-dimensional pattern of the skin 
surface is transferred. The image detection unit detects 
an image fingerprint pattern on the basis of the light 
from the light source, the reflection of which is changed 
at the surface of the transparent body, when the surface 
film layer comes into contact with the surface of the 
transparent body in accordance with the three-dimen- 
sional pattern of the skin surface. 
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Description 

Background of the Invention 

The present invention relates to a fingerprint detect- 
ing device and, more particularly, to a fingerprint detect- 
ing device which irradiates light on the skin surface of a 
finger through a transparent body and detects a finger- 
print pattern from reflected light. 

Generally, as a , scheme of irradiating light on the 
skin surface of a finger pressed against a transparent 
body and detecting a fingerprint pattern from reflected 
light, a reflection light scheme using reflection of light on 
the transparent body surface has been proposed, as 
disclosed in Japanese Patent Laid-Open No. 1-145785. 

Fig. 3 schematically shows a conventional finger- 
print detecting device based on the reflection light 
scheme. Referring to Fig. 3. reference numeral 1 
denotes a transparent body such as an optical glass 
member having a triangular prism shape; 1 S, a surface 
of the transparent body 1 ; 3, a finger placed on the sur- 
face 1 S of the transparent body 1 and having a skin sur- 
face 3A with ridge/valley portions; 4, a light source; and 
5, an image detection unit. Light from the light source 4 
is irradiated on the skin surface 3A through the transpar- 
ent body 1, and reflected light is detected by the image 
detection unit 5. 

In this case, the relationship in refractive index 
between the transparent body 1, the skin surface 3A, 
and air, and the angle of light incident on the surface 1 S 
of the transparent body 1 are appropriately selected. 
Normally, the ridge portions (projecting portions) of the 
skin surface 3A contact the transparent body 1 via 
sweat or grease adhered on the surface of the finger. 
The refractive index of sweat or grease is higher than a 
refractive index na of air and close to a refractive index 
nb of the transparent body 1 such as an optical glass. 

For this reason, reflection occurs only on the sur- 
face 1 S of the transparent body 1 contacting the valley 
portions (recessed portions) of the skin surface 3 A, 
where air is present On the other hand, the reflection 
does not take place at the ridge portions of the skin sur- 
face 3A which directly contact the transparent body 1 
via sweat or grease having a refractive index close to 
the refractive index nb of the transparent body 1 , so the 
light transmitted through the transparent body 1 is 
absorbed or irregularly reflected by the finger. There- 
fore, the image detection unit 5 detects the fingerprint 
pattern of the skin surface 3A, which has bright valley 
portions and dark ridge portions. 

As another scheme of detecting a fingerprint pat- 
tern, a scattering light scheme using scattering of light 
on the transparent body surface has been proposed, as 
disclosed in Japanese Patent Laid-Open No. 3-244092. 
Fig. 4 shows a conventional fingerprint detecting device 
using the scattering light scheme. Referring to Fig. 4, 
reference numeral 11 denotes a transparent body 
formed from parallel plates such as optical glass mem- 



bers; 1 1 S, a surface of the transparent body 11; 13, a 
finger having a skin surface 13A with ridge/valley por- 
tions; 14, a light source; and 15, an image detection 
unit. Light from the light source 14 is irradiated on the 
skin surface 13A through the transparent body 1 1 , and 
scattering light is detected by the image detection unit 
IS. 

In this case as well, the relationship in refractive 
index between the transparent body 1 1 , the skin surface 
1 3A. and air, and the angle of light incident on the trans- 
parent body surface 11S are appropriately selected. 
Reflection occurs on the transparent body surface 1 1 S 
contacting the valley portions (recessed portions) of the 
skin surface 13 A, where air 18 is present, so the light 
does not reach the image detection unit 1 5. 

On the other hand, the reflection does not occur at 
the ridge portions of the skin surface 13A which contact 
the transparent body 1 1 via sweat or grease having a 
refractive index close to the refractive index nb of the 
transparent body 11. The light passing through the 
transparent body 11 is absorbed by the finger 13 
although the light is partially irregularly reflected and 
reaches the image detection unit 5. Therefore, unlike 
the reflection light scheme shown in Fig. 3, the image 
detection unit 15 detects the fingerprint pattern of the 
skin surface 13A. which has dark valley portions and 
bright ridge portions. 

However, in the reflection light scheme shown in 
Fig. 3, the detected fingerprint pattern largely changes 
due to a gap between a fine three-dimensional pattern 
on the ridge portions of the finger 3 and the surface 1 S 
of the transparent body 1 or the condition (dry or wet 
state) of the finger 3 influenced by water such as sweat, 
so a satisfactory fingerprint pattern cannot always be 
obtained. , ' 

For example, as shown in Fig. 5A, when the finger 
is dry, a small gap 35 is formed between a ridge portion 
31 and the transparent body 1 because of the fine three- 
dimensional pattern on the ridge portion 31 of the skin 
surface 3A. Since air is present in the gap 35, light is 
reflected even at the ridge portions 31. On the other 
hand, as shown in Fig. 5B, when the finger is wet due to 
sweat sweat or grease 36 is adhered between the ridge 
portions 31 of the skin surface 3A and the transparent 
body surface 1S. Light is absorbed by a portion wider 
than the actual ridge portion 31, so the amount of light 
to be reflected at a valley portion 32 is decreased. 

Therefore, the ridge portion 31 of the skin surface 
3 A is detected not as a solid line but as a broken line 
depending on the condition of the finger, and more par- 
ticularly, in the dry state. On the other hand, in the wet 
state, the ridge portions 31 and valley portions are not 
clearly discriminated, resulting in undesirable connec- 
tion between ridge and valley pattern portions. For this 
reason, a satisfactory fingerprint pattern cannot always 
be obtained. 

In the reflection light scheme shown in Fig. 3. the 
image detection unit 5 detects the fingerprint pattern as 
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the obliquely photographed image data of the skin sur- 
face 3A t Distortion irr this oblique image must be cor- 
rected to obtain an imag viewed from the front side. In 
addition, since the skin surface 3A is obliquely photo- 
graphed, the focal depth must be increased to obtain an 
appropriate in-focus position. As a result the optical dis- 
tance cannot be decreased, and size reduction is diffi- 
cult. 

According to the scattering light scheme shown in 
Fig. 4, a fingerprint pattern corresponding to the finger- 
print 13A viewed from the front side can be obtained. 
However, since the light is irregularly reflected at the 
ridge portions of the fingerprint 13 A, and the amount of 
light reaching the image detection unit 15 is small, the 
resultant fingerprint pattern has low contrast to the val- is 
ley portions of the fingerprint 13A. 

Additionally, unlike the reflection light scheme, the 
entire image becomes dark when no f inger contacts the 
transparent body 1 1 . For this reason, when a fingerprint 
pattern is to be detected by the image detection unit 15 20 
using, e.g., a CCD sensor, another light source is 
required to adjust the white level. 

Summary of the Invention 

It is an object of the present invention to provide a 
fingerprint detecting device capable of obtaining a satis- 
factory fingerprint pattern independently of the finger 
condition. 

It is another object of the present invention to pro- 30 
vide a fingerprint detecting device capable of obtaining 
a fingerprint pattern viewed from the front of a skin sur- 
face with ridge/valley portions. 

In order to achieve the above object, according to 
the present invention, there is provided a fingerprint 35 
detecting device comprising a flat transparent body on 
which a skin surface of a finger is pressed, the transpar- 
ent body having a surface constituted by a scattering 
surface with a fine three-dimensional unevenness, on 
which the skin surface is pressed, a light source for irra- 40 
diating incident light from an inside of the transparent 
body on th&skin surface pressed against the surface of 
the transparent body, a thin surface film layer formed on 
the surface of the transparent body via a small gap, on 
which a three-dimensional pattern of the skin surface is 45 
transferred by pressing the finger, a fluid layer formed by 
sealing one of a gas and a liquid in the gap between the 
surface of the transparent body and the surface film 
layer, the fluid layer being pressed by the surface film 
layer on which the three-dimensional pattern of the skin so 
surface is transferred, and image detection means for 
detecting an image fingerprint pattern on the basis of 
the light from the light source, the reflection of which is 
changed at the surface of the transparent body, when 
the surface film layer comes into contact with the sur- ss 
face of the transparent body in accordance with the 
three-dimensional pattern of the skin surface. 



Brief Description of the Drawings 

Fig. 1 is a schematic view of a fingerprint detecting 
device according to an embodiment of the present 
5 invention; 

Fig. 2 is an enlarged view for explaining the behav- 
ior of light on the surface of a transparent body 
shown in Fig. 1 ; 

Fig. 3 is a schematic view of a conventional finger- 
10 print detecting device (reflection light scheme); 

Fig. 4 is a schematic view of another conventional 
fingerprint detecting device (scattering light 
scheme); 

Fig. 5A is a view showing a contact state in which a 
dry finger is pressed against the surface of a trans- 
parent body; and 

Fig. 5B is a view showing a contact state jn which a 
wet finger is pressed against the surface of the 
transparent body. 

Description of the preferred Eqibcdiment 

The present invention will be described below with 
reference to the accompanying drawings. 

Fig. i shows a fingerprint detecting device accord- 
ing to an embodiment of the present invention. Refer- 
ring to Fig. 1, reference numeral 101 denotes a 
transparent body which consists of parallel plates such 
as optical glass members and oh which a f inger 103 
having a skin surface 103A with ridge/valley portions is 
pressed; 104, a light source; and 105. an image detec- 
tion unit for detecting the behavior (scattering and 
absorption) of light which is irradiated from the light 
source 104 and incident on a transparent body surface 
101S through the transparent body 101, as an image 
fingerprint pattern viewed from the front of the skin sur- 
face 103A. 

The surface 101S of the transparent body 101, on 
which the finger 103 is pressed, has a fine three-dimen- 
sional unevenness to form a scattering surface. A sur- 
face film layer 1 12 is formed on the surface 101 S of the 
transparent body 101 via a smalt gap. The surface film 
layer 112 has a lubricating surface (film) directly con- 
tacting the finger 103. and a viscoelastic surface (film) 
opposing the surface 1 01 S of the transparent body 101 , 
as will be descrtoed later. An intermediate layer (fluid 
layer) 1 1 1 in which a gas or liquid is sealed is formed 
between the surface film layer 112 and the surface 101 S 
of the transparent body 101 . 

In this arrangement, when the skin surface 103A is 
pressed against the surface 1 01 S of the transparent 
body 101. a three-dimensional pattern formed from the 
ridge portions (projecting portions) and valley portions 
(recessed portions) of the skin surface 103A is trans- 
ferred to the surface film layer 112. The surface film 
layer 112 with the transferred three-dimensional pattern 
contacts the surface 101 S of the transparent body 101 
via the intermediate layer 1 1 1 at portions corresponding 
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to the ridge portions of the skin surface 103 A. The differ- 
ence in behavior of light between an area wh rethesur- 
fac film lay r 112 contacts the surface 101S of the 
transparent body 101 and an area where the surface 
film layer 112 does not contact the transparent body 5 
surface 101 S, i.e., scattering and absorption of light are 
detected by the image detection unit 105 as an image 
fingerprint pattern (a fingerprint pattern image) viewed 
from the front of the skin surface 1 03 A. 

Fig. 2 shows the main part of Fig: 1 . The behavior w 
of light incident from the light source 104 on the trans- 
parent body 101 will be described with reference to Fig. 
2. : 

When the finger is pressed against the surface film 
layer 1 12. the surfacefilm layer 1 12 contacts the surface is 
(scattering surface) 101S of the transparent body 101 in 
the area of a ridge portion 131 of the skin surface 103A. 
On the other hand, in the area of a valley portion of the 
skin surface 103 A, the gas or liquid in the intermediate 
layer 111 remains in the recessed portion, so the sur- 20 
face film layer 1 12 does not contact the surface 1 01 S of 
the transparent body 101. More specifically, the surface 
film layer 1 1 2 is deflected and deforms along the three- 
dimensional pattern of the skin surface 103A, so the 
surface film layer 1 1 2 contacts the surface . 1 0 1 S of the 25 
transparent body 101 only in the area of the ridge por- 
tion 131. 

Light incident from the light source 104 on the 
transparent body 101 is irradiated on the surface 101S 
of the transparent body 101. The gas or liquid in the 30 
intermediate layer 111 has a refractive index ne lower , 
than refractive indices nf and nb of materials of the sur- 
face film layer 1 1 2 and transparent body 101. 

In the area of a valley portion 132, the intermediate 
layer 111 contacts the surface 101S of the transparent 35 
body 101 i so the light hardly passes through the inter- 
mediate layer 1 1 1 ; For this reason, the light scatters on . 
the surface 101S of the transparent body 101 and par- 
tially reaches the image detection unit 105. On the other 
hand, atthe ridge portion 131, the surface film layer 112 40 
contacts the surface 101S of the transparent body 101. 
so most light is absorbed by the surface film layer 112. 
Therefore, the image detection unit 105 positioned in 
front of the skin surface 103A detects a fingerprint pat- 
tern having dark ridge portions 131 and bright valley 45 
portions 1 32, as in the reflection light scheme. 

As the transparent body 101. transparent parallel 
plates having a surface formed as the scattering surface 
101S, like ground glass, are used. As the material, an 
optical glass material or transparent plastic material is so 
used. Especially, the scattering surface 101S is formed 
by a known process technique such as polishing or 
sandblasting using abrasive grains. The three-dimen- 
sional unevenness on the scattering surface 101 S 
depends on the grain size of abrasive grains to b used. 55 
If the grain size is too large, the precision or contrast of 
the fingerprint pattern tends to lower, and an exces- 
sively small grain size also tends to lower the contrast. 



Therefore, the suitable abrasive grain size is Nos. 
600 to 3.000. and m re preferably. Nos. 900 to 2.000. At 
this tim , th three-dim nsional unev nness on th 
scattering surface 1 01 S has a depth of about 1 to 30 urn 
and, more preferably, a depth of about 5 to 20 ^m. 
When the three-dimensional unevenness on the scat- 
tering surface 101S has slightly rounded edges, the 
adhesion between the surface (scattering surface) 1 0 1 S 
of the transparent body 101 and the surface film layer 
1 12 is improved, so a more satisfactory fingerprint pat- 
tern can be obtained. 

To round the edges of the three-dimensional une- 
venness on the scattering surface 1 01 S of the transpar- 
ent body 101 consisting of a glass material, a known 
method of lightly etching the polished , surface using 
diluted hydrofluoric acid is available. If the transparent 
body 101 consists of a plastic material, a known method 
of lightly dissolving the polished surface using an 
organic dissolvent having an appropriate solubility can 
be used. 

For example, a parallel plane substrate consisting 
of borosilicate crown glass having a refractive index of 
1 .52 is used, and one surface thereof is polished using 
abrasive grains No. 1 .200, a scattering surface having a 
three-dimensional unevenness with an average depth of 
8 urn can be formed. Another surface which has not 
been polished and the peripheral portion are protected 
with wax, and the entire structure is dipped in about 1% 
hydrofluoric acid. With this process, the edges of the 
three-dimensional unevenness on the scattering sur- 
face can be made round. 

The intermediate layer 1 1 1 is formed by sealing a 
gas or fluid between the surface 1 01 S of the transparent 
body 101 and the surface film layer 1 12. Since the depth 
of the three-dimensiohal pattern of the skin surface 
103A is about 50 jim. a thickness of 50 urn suffices for 
the intermediate layer 111. However, when the finger is 
pressed against the transparent body, an excess gas or 
fluid is pressed and moves to the peripheral portion, no 
problem is posed in the thickness of the intermediate 
layer 1 1 1 of 50 ^m or mora Even when the intermediate 
layer 1 1 1 has a thickness smaller than 50 urn. the sur- 
face film layer 112 is satisfactorily fitted at least to the 
three-dimensional pattern of the skin surface 103 A, so 
no problem is posed. 

Air sufficiently functions as a gas to be sealed in the 
intermediate layer 1 1 1 . As a fluid J. almost all fluids rep- 
resented by water can be used. However, a fluid having 
an excessively high viscosity is not suitable to use 
because when the finger is pressed against the trans- 
parent body, a relatively long time is required to obtain 
the equilibrium state of stress in the intermediate layer 
111. 

The kinematic viscosity of the fluid can be about 
5,000 mrrr^/s or less at room temperature and, mor 
preferably, about 1.000 mrrr^/s or less. For example, a 
colorless and transparent silicone oil having a kinematic , 
viscosity of about 500 mm 2 /s and a refractive index of " 
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1.38 can be used. 

As the surface film layer 112, a plastic film of poly- 
ethylene, polypropylene, polyester, polyethylene tereph- 
thalate, or the like can be used. The thickness of the 
surface film layer 112 is selected within the range of s 
about 5 to 50 pm and, more preferably, about 10 to 30 
jim. For example, there are polyethylene terephthalate 
films having various thicknesses, and an easily accessi- 
ble film having a thickness of 10 nm has a sufficient 
mechanical strength and a refractive index of 1 .65. 10 

As the surface film layer 112, a film consisting of a 
rubber material such as natural rubber, silicone rubber, 
or urethane rubber may be used instead of the plastic 
film. Rubber materials are poor in light transmittance, 
and their optical characteristics such as a refractive is 
index are not distinctive. However, in an area where the 
surface film layer 112 contacts the transparent body 
101 . a rubber material can sufficiently absorb light prop- 
agating through the transparent body 1 01 , so a satisfac- 
tory fingerprint pattern can be obtained. Since the 20 
rubber material has a higher flexibility than that of the 
plastic film, a more satisfactory fingerprint pattern can 
be obtained even when the film thickness is increased 
to more than 50 urn. 

When a thin rubber film is used as the surface film 25 
layer 1 12, the rubber film is readily damaged in careless 
use, e.g.. by applying an unnecessary force upon press- 
ing the finger because of high adhesion between the 
rubber film and the finger pressed against the film, 
although this poses no problem in case of a plastic film. 30 
To prevent this, a lubricating film 112A having release 
properties is formed on the contact surface film layer 
112 to the finger, as shown in Fig. 2, so that a suffi- 
ciently practical film can be obtained. 

A f luororesin or silicone-based releasing agent can 35 
be suitably used as the lubricant used for the lubricating 
film 1 1 2A. A f luororesin dissolved in a pert luoro-solvent 
is known as a resin suitable to form a film as thin as pos- 
sible. Especially, a f luororesin having amorphous char- 
acteristics is readily dissolved, so a thin film having a 40 
thickness of about 1 urn can be formed by spin coating, 
dip pulling, or spraying. 

In this case, when a silane-based coupling agent is 
applied to the rubber film surface in advance, the artie- 
sion between the coating film and the rubber film can be 45 
increased. After the resin is applied, the film is heated at 
a temperature of about 180°C or less to dry the 
medium, thereby forming the lubricating film 1 12A. 

A solution type or emulsion type releasing agent is 
known as a silicone-based releasing agent A thin coat- so 
ing film can be formed by the above method, and a lubri- 
cating film is formed by heating and drying at about 1 50 
to 200°C. In this case as well, a silane-based coupling 
agent can be effectively used to increase the adhesion 
to the rubber film. 55 

The adhesion between the surface film layer 112 
and the surface 101S of the transparent body 101 wh n 
the finger is pressed against the transparent body will 



be described. In case of a rubber material, the surface 
film layer 112 is easily fitted t th three-dimensional 
unevenness on the scattering surface because of its 
elasticity. However, when a plastic film is used, no suffi- 
cient adhesion is obtained, and as a result, the contrast 
of the fingerprint pattern may lower. To prevent this, a 
thin viscoelastic film 1 12B is applied to the surface of 
the plastic film, which contacts the transparent body 
101, as shown in Fig. 2. 

For example, one of heat curing two-pack type sili- 
cone rubbers is a liquid having a colorless and transpar- 
ent outer appearance after mixing and a viscosity of 
about 1 . 1 Pa • s, i.e., about thousand times that of water. 
Twenty wt% of a thinner as a diluent are added to 
almost halve the viscosity, and the rubber is uniformly 
applied to a surface of a polyethylene terephthalate f 3m 
having a thickness of about 10 on which a silane- 
based coupling agent has been applied in advance, to a 
thickness of about 10 urn. This film having a muttilay- 
ered structure is used as the surface film layer 1 12. In 
this case, a more satisfactory fingerprint pattern can be 
obtained as compared to use of only the plastic film. 

An experiment conducted by the present inventor 
revealed that in the conventional fingerprint detecting 
device based on the reflection light scheme, as shown 
in Fig. 3, in which the finger was directly pressed 
against the surface 1 S of the transparent body 1 , when 
air was dry in winter, the ridge portion of the f ingerprint 
pattern was not detected as a solid line, and only a bro- 
ken fingerprint pattern was obtained in many cases. The 
reason for this is as follows. The ridge portion (project- 
ing portion) of the skin surface 3A has sweat glands, so 
the ridge portion itself has a three-dimensional pattern 
because of the sweat glands. Characteristics can hardly 
be extracted from the fingerprint pattern with the broken 
ridge portion of the skin surface 3A by image process- 
ing. In individual identification using such a fingerprint 
pattern, the recognition ratio largely lowered to 80% or 
less, though, at normal humidity, a recognition ratio of 
about 95% or more is obtained. 

In summer at a high temperature and humidity, 
sweat or grease is always secreted from the sweat 
glands to fill the valley portions. For this reason, in the 
conventional fingerprint detecting device, adjacent ridge 
portions are connected to make the fingerprint pattern 
vague. For individual identification using such a finger- 
print pattern, the recognition ratio largely lowered to 
70% or less. 

In the conventional fingerprint detecting device 
using the scattering light scheme in which the finger is 
directly depressed against the surface 1 1 S of the trans- 
parent body 1 1 formed from parallel plates, light propa- 
gating through the transparent body 11 scatters at the 
ridg portions (projecting portions) of the fingerprint 
13A directly contacting the transparent body 11, and 
this phenomenon is utilized to detect the fingerprint pat- 
tern. However, the amount of light scaittering at the ridge 
portions is substantially small, and most light is 
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absorbed. In the conventional scattering light scheme, a 
fingerprint pattern having bright ridge portions and dark 
valley portions (recessed portions) is obtained. How- 
ever, the ridge portions are not so bright while the valley 
portions are not so dark because they are irradiated 5 
with light absorbed by the ridge portions. As a result, a 
fingerprint pattern having low contrast as a whole is 
obtained. 

In the fingerprint detecting device using the scatter- 
ing, light scheme according to the present invention 10 
shown in Rg. 1 , the intermediate layer 1 1 1 and the sur- 
face film layer 1 12 are formed on the surface 101 S of 
the transparent body 101. With this arrangement, the 
three-dimensional pattern of the skin surface 103A can 
be satisfactorily transferred to the surface film layer 112 15 
and the intermediate layer 1 1 1 independently of the dry 
or wet condition of the finger. By detecting the finger : 
print pattern from the transferred pattern, a variation in 
optical detection condition due to an external factor 
such as adhesion of sweat, grease, or floating dust can 20 
be suppressed. 

In the present invention, even in winter under a dry 
condition or summer under a high temperature and 
humidity condition, the recognition ratio does not lower 
or rather is improved to 97% or more on the average. 25 
Though a fingerprint detecting individual identification 
system using a fingerprint detecting device of. conven- 
tional type is limited for use in a small group, the system 
using the fingerprint detecting device of the present 
invention allows wide applications in various situations. 3d 

In the present invention, a scattering surface having 
a fine three-dimensional unevenness is formed on the 
surface 101S of the transparent body 101. For this rea- 
son, a fingerprint pattern whose bright and dark por- 
tions are reversed to those in the conventional 35 
scattering light scheme, i.e.. a fingerprint pattern of the 
skin surface 103A which has dark ridge portions and 
bright valley portions can be obtained although the fin- 
gerprint detecting device uses the scattering light 
scheme; 40 

This fingerprint pattern is the same as that obtained 
by the above-described reflection light scheme. When 
the finger 103 is not being pressed against the surface 
101S of the transparent body 101, the entire image 
becomes whita For this reason, when the pattern is to 45 
be detected by an image sensor such as a CCD sensor, 
white level adjustment of the sensor is facilitated. Unlike 
the conventional scattering light scheme, the light 
source for white level adjustment need not be arranged, 
and it is preferable for practical use. so 

In the present invention, since the fact that absorp- 
tion is more dominant than scattering at the ridge por- 
tions of the skin surface 103A is utilized, a fingerprint 
pattern with very high contrast can be obtained. For 
example, when it is assumed that th white level in the 55 
conventional reflection light scheme (Fig. 3) is 100, the 
white level in the conventional scattering light scheme 
(Fig. 4) is 20 or less. However, according to the scatter- 



ing light scheme of the present invention, the white level 
is 80 or more. i.e.. the white level can be increased to 
almost the same level as that of the conventional reflec- 
tion light scheme. 

Unlike the reflection light scheme in which almost 
the whole incident light emerges, it is difficult to elimi- 
nate dissipated light components in the scattering light 
scheme, so it is impossible in principle to improve the 
white level to the same level as that of the reflection light 
scheme. However, the present invention can achieve a 
white level which poses no practical problem. 

In addition, the present invention, can sufficiently 
utilize the advantage of the scattering light scheme, i.e.. 
the advantage that a fingerprint pattern viewed from the 
front of the skin surface is obtained. For this reason, dis- 
tortion correction for a fingerprint pattern obliquely 
viewed from the skin surface need not be performed. 
The focal depth of the optical lens can be small, so the 
device can be made compact 

As has been described above, according to the 
present invention, even when sweat grease, or dust is 
adhered on the skin surface, or the finger is dry to make 
the fine three-dimensional pattern of the ridge portions 
of the skin surface conspicuous, a satisfactory finger- 
print pattern can always be obtained. 

In addition, since a fingerprint pattern viewed from 
the front of the skin surface can be obtained, oblique 
distortion correction for the fingerprint pattern becomes 
unnecessary, unlike the conventional reflection light 
scheme, and size reduction of the device can be real- 
ized. 

Furthermore, a fingerprint pattern with much higher 
contrast than that in the conventional scattering light 
scheme can be obtained. In addition, when the pattern 
is to be detected by an image sensor such as a CCD 
sensor, white level adjustment of the sensor is facili- 
tated. Since no light source for white level adjustment 
need be arranged, it is preferable for practical use. 

Claims 

1. A fingerprint detecting device characterized by 
comprising: 

a flat transparent body (101) on which a skin 
surface (103A) of a finger (103) is pressed, 
said transparent body having a surface (1 01 S) 
constituted by a scattering surface with a fine 
three-dimensional unevenness, on which said 
skin surface is pressed; 
a light source (104) for irradiating incident light 
from an inside of said transparent body on said 
skin surface pressed against said surface of 
said transparent body; 

a thin surface film layer (112) formed on said 
surface of said transparent body via a small 
gap. on which a three-dimensional pattern of 
said skin surface is transferred by pressing said 
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finger; 

a fluid layer (111) formed by sealing one of a 
gas and a liquid in the gap between said sur- 
face of said transparent body and said surface 
film layer, said fluid layer being pressed by said 
surface film layer on which said three-dimen- 
sional pattern of said skin surface is trans- 
ferred; and 

image detection means (105) for detecting an 
image fingerprint pattern on the basis of the 
light from said light source, the reflection of 
which is changed at said surface of said trans- 
parent body, when said surface film layer 
comes into contact with said surface of said 
transparent body in accordance with said 
three-dimensional pattern of said skin surface. 

2. A device according to claim 1, wherein 

the incident light from said light source is 
absorbed in an area where said surface of said 
transparent body contacts said surface film 
layer, and 

the incident light from said light source is scat- 
tered in an area where said surface of said 
transparent body contacts said fluid layer. 

3. A device according to claim 2, wherein 



6. A device according to claim 1 , wherein 

said scattering surface of said transparent 
body has a fine three-dimensional unevertness 
with round edges. 
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said transparent body has a first refractive 
index, 

said surface film layer has a second refractive 
index, and 

said fluid layer has a third refractive index lower 
than the first and second refractive indices. 35 

4. A device according to claim 1 , wherein 

said scattering surface of said transparent 
body has unevenness with a depth of 1 to 30 40 
jim. 

5. A device according to claim 4, wherein 

said scattering surface of said transparent 45 
body preferably has a three-dimensional una- N 
venness5to20nmdeep. N 



8. A device according to claim 7, wherein 

said surface film layer preferably comprises a 
plastic film having a thickness of 1 0 to 30 jim. 

9. A device according to claim 1 , wherein 

said surface film layer has, on a surface oppos- 
ing said surface of said transparent body, a vis- 
coelastic 19m which comes into contact with 
said fine three-dimensional unevenness on 
said surface of said transparent body when 
said finger is pressed against said transparent 
body. 

10. A device according to claim 1 , wherein 

said surface film layer essentially consists of a 
rubber material. 

11. A device according to claim 10. wherein 

said surface film layer has. on a surface on 
which said skin surface is pressed, a thin lubri- 
cating film (1 12A) having releasing properties. 

12. A device according to claim 1 , wherein 

the gas or liquid forming said fluid layer has a 
high viscosity of not more than 5.000 mnrr^/s at 
room temperature. 

1 3. A device according to claim 1 2, wherein 

said fluid layer is preferably formed by a liquid 
having a kinematic viscosity of not more than 
1,000 mm 2 /^ 



50 



7. A device according to claim 1 , wherein 



55 



said surface film layer has a thickness of 5 to 
50 jim. 
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FIG. 3 
PRIOR ART 
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FIG. 4 
PRIOR ART 
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(57) A fingerprint detecting device includes a flat 
transparent body, a light source, a thin surface film layer, 
a fluid layer, and an image detection unit The transpar- 
ent body on which a skin surface of a finger is pressed 
has a surface constituted by a scattering surface with a 
fine three-dimensional unevenness. The light source 
irradiates incident light from an inside of the transparent 
body on the skin surface pressed against the surface of 
the transparent body. The surface film layer is formed on 
the surface of the transparent body via a small gap. on 
which a three-dimensional pattern of the skin surface is 
transferred by pressing the finger. The fluid layer is 
formed by sealing one of a gas and a liquid in the gap 
between the surface of the transparent body and the 
surface film layer, and is pressed by the surface film 
layer on which the three<limensional pattern of the skin 
surface is transferred. The image detection unit detects 
an image fingerprint pattern on the basis of the light 
from the light source, the reflection of which is changed 
at the surface of the transparent body, when the surface 
film layer comes into contact with the surface of the 
transparent body in accordance with the three-dimen- 
sional pattern of the skin surface. 
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